A diagnosis of plasma cell myeloma was made in a 6-year-old Holstein cow that showed continuous nosebleed, progressing emaciation, and hyperglobulinemia. Necropsy revealed enlargement of the caudal mesenteric lymph nodes. Lymph nodes and spleen were infiltrated by neoplastic plasma cells. Renal lymph nodes, bone marrow, and kidneys also were affected. Amyloid-like material that was negative for Congo red was present in most of the affected lymph nodes. Congo red-positive amyloid material was noted in spleen, kidneys, liver, and adrenal glands. Neoplastic plasma cells exhibited immunohistochemical reactions for -light chain and 3 classes of heavy chain but not for -light chain. Nonamyloid deposits were labeled with antisera against -light chain and heavy chains. Plasmacytoid cells, which stained positively for IgG, IgM, or IgA, were intermingled in all lesions. Production of 3 types of immunoglobulins may be caused by heavy-chain class switching, constantly occurring in certain proportions.
Plasma cells are a differentiated form of B lymphocytes and actively synthesize immunoglobulin. Plasma cell myeloma (multiple myeloma) or plasmacytoma is a neoplastic proliferation of plasma cells. 1 Most human myelomas secrete complete immunoglobulin molecules of a single heavy-chain and light-chain type, indicating monoclonality. Two or more monoclonal proteins have been found in a small number of cases. 5 Production of 2 types of heavy-chain immunoglobulin molecules has been demonstrated in swine lymphomas including a plasmacytoma. 7, 8, 16 Two forms of immunoglobulin tissue deposition, AL amyloidosis and nonamyloid immunoglobulin deposition disease, occur in humans with multiple myeloma. 3 Amyloidosis associated with plasma cell tumors has been reported in dogs, cats, 13 and horses. 2 Plasmacytic neoplasms in ruminants are rare. 11, 12 This report is a description of a case of bovine plasma cell myeloma characterized by the production of 3 types of immunoglobulins, and amyloid and nonamyloid immunoglobulin deposition.
Five months after fourth parity, a 6-year-old Holstein cow exhibited epistaxis, anorexia, depression, and a rectal temperature of 39.0 C. Body condition continued to deteriorate with rapidly progressing emaciation. The cow was euthanatized 1 month after the onset of clinical signs. Before euthanatization, blood evaluation showed anemia (red blood cell count, 3.3 ϫ 10 6 /l; normal range, 5.0-10.0 ϫ 10 6 /l; hematocrit, 14.0%; normal range, 24.0-46.0), and the white blood cell count was 11,800/l (normal range, 4,000-12,000/l). Total protein and albumin concentrations in serum were 7.70 g/dl (normal range, 6.55-7.65 g/ From Himeji Livestock Hygiene Service Center, 2-10-16 Taderahigashi, Himeji 670-0081, Japan (Kameyama), and Hokkaido Research Station, National Institute of Animal Health, 4 Hitsujigaoka, Toyohira, Sapporo 062-0045, Japan (Ishikawa, Shibahara, Kadota). dl) and 1.10 g/dl (normal range, 3.15-3.85 g/dl), respectively. Serum electrophoresis produced a biclonal peak in the gammaglobulin fraction accounting for 73.7% (5.68 g/dl; normal range, 1.44-2.56 g/dl) of the total serum protein, and the lower peak was in the slow gamma range. Antibodies to bovine leukemia virus were not detected by the agar gel immunodiffusion test.
Gross lesions were restricted to some lymph nodes. A caudal mesenteric lymph node was enlarged to 12 ϫ 8 ϫ 8 cm, and its cut surface had a spongy appearance with exudation of clear fluid. Adjacent lymph nodes also were enlarged.
Tissue samples were fixed in 10% buffered formalin, embedded in paraffin, sectioned at 4 m, and stained with hematoxylin and eosin (HE). Some sections were stained with alkaline Congo red with or without potassium permanganate (KMnO 4 ) pretreatment. Microscopic examination of the largest lymph node revealed almost complete effacement by neoplastic cells reminiscent of plasma cells or their precursors. Macrophages were sparsely distributed. Lymphatic sinuses were extremely dilated. Other enlarged lymph nodes and renal lymph nodes were infiltrated by proliferations of high to moderate numbers of plasmacytoid cells. Weakly staining eosinophilic material resembling amyloid was deposited primarily not only in the cortex and within the walls of lymphatic sinuses or channels but also in the walls of some blood vessels (Fig. 1 ). The material did not stain with Congo red. Lymphatic sinuses were multifocally dilated. Foci of erythropoiesis were detected.
Evaluation of splenic red pulp indicated that almost all nucleated cells were plasmacytoid. There were scattered deposits of amyloid-like material in the red pulp and a few deposits in the white pulp. Bone marrow of the sternum was packed with hemopoietic cells. Approximately 10% of the cells were plasmacytoid. Ev- idence of bone destruction was not found. There was only mild infiltration of plasmacytoid cells in the kidneys, and amyloid-like deposits were found mainly in the interstitium. Similar deposits also were present in the space of Disse and in the perivascular space of the adrenal glands. These deposits were positive for Congo red and were permanganate resistant in contrast to the nonamyloid material in the lymph nodes. Within blood vessels of some organs such as the liver, heart, and lungs, there were considerable numbers of leukocytes, most of which were plasmacytoid and had cytological atypia or multiple nuclei.
Neoplastic cells varied in size. Giant forms were rarely seen ( Fig. 2 ). Nuclei were round, oval, or irregular, and eccentrically placed, and cells with up to 4 nuclei were observed at times. Cells tended to have larger nuclei, more prominent nucleoli, and more dispersed chromatin than normal counterparts. Cytoplasm was abundant and basophilic, with clear, pale-stained areas next to the nucleus. Occasional cells contained Russell bodies, eosinophilic crystalline inclusions, or vacuoles. There were many mitotic figures (12-16 mitoses per 400ϫ field). A presumptive diagnosis of plasmacytoma was made. To further characterize the tumor cells and eosinophilic materials, small pieces were taken from formalin-fixed tissues for transmission electron microscopy (TEM). Immunohistochemistry (IHC) also was applied to paraffin sections. Staining was carried out by an avidin-biotin-peroxidase complex (ABC) method with ABC kits. a Primary antibodies used were mouse monoclonal antibodies to proliferating cell nuclear antigen (PCNA) a and human CD79a (HM57), b sheep polyclonal antibody to bovine IgG (heavy-chain specific), c and rabbit polyclonal antibodies to bovine IgM (-chain specific), c bovine IgA (␣-chain specific), c human -light chain, a and -light chain. a The specificity of these antibodies was ascertained in normal bovine lymphoid tissues.
Immunohistochemical stainings of -( Fig. 3 ), ␥-( Fig. 4) , -, ␣-, and -positive cells, in the order of decreasing frequency, were seen in the neoplastic tissues. Cytological atypia, multiple nuclei, and intranuclear reaction products were confirmed, except in the last cells, most of which were morphologically similar to mature plasma cells. Subjective interpretation suggested that the number of -positive cells was similar to that of ␥-positive cells in some areas; compared with the former 3 cells (-, ␥-, -positive), ␣-positive cells were far less numerous and -positive cells were rare ( Table 1 ). The nonamyloid deposits gave intense reactivity for -, ␥-, and -chains ( Fig. 5 ) and weak positivity for ␣ but was negative for . Congo red-positive deposits had far weaker or no staining. Occasional tumor cells were weakly positive for CD79a. Strong nuclear staining of PCNA was seen in many plasmacytoid cells.
Ultrastructural evaluation suggested that the neoplastic cells were liable to have lesser heterochromatin and larger nucleoli than normal cells of the plasmacytic series (Fig. 6) . The nuclei were pleomorphic, and their contours were largely irregular. The rough endoplasmic reticulum (RER) was moderately to well developed, and cells with a few to several dense bodies were common. Nonamyloid deposits were amorphous and homogeneous, whereas the presence of randomly oriented nonbranching amyloid fibrils was detected in the liver.
Plasma cell tumors have been investigated by immunohistochemistry in production animals such as horse, 2 pig, 8 and sheep. 12 Although a cutaneous plasmacytoma 11 and a lymphoplasmacytic lymphoma 17 have been recorded in cattle, there was no immunohistochemical description.
Plasma cell tumors must be differentiated from inflammatory lesions rich in plasma cells. Monoclonality of a B-cell population is readily demonstrable on the basis of light-chain expression in humans 5 and swine. 16 Except in the rare case of -positive neoplasm, this methodology is difficult to apply to B-cell neoplasia of other domestic animals, such as dog, cat, horse, and cattle, because the ratio of -containing cells to -containing cells is lower in normal and reactive tissues. 4 Binuclear plasma cells and large plasmablasts may be seen in reactive tissues, 9 whereas plasmacytoid cells with 3 or 4 nuclei and atypical giant cells were detected in our case. Tumor cells were characterized by nuclear pleomorphism and irregularity, high mitotic activity, intense PCNA immunoreactivity, intranuclear immunoglobulin, and nucleocytoplasmic asynchrony, 6 and the present case was considered to be neoplastic.
Normally, plasma cells are at very low levels in young animals and increase to 1-2% of marrow cells in adults. 17 Because there were appreciable numbers of neoplastic plasma cells (10%) in the sternal bone marrow, the present tumor was diagnosed as a plasma cell myeloma. 15 Unfortunately, osteolytic lesions could not be observed, and other bones were not examined. Extramedullary erythropoiesis as well as clinical signs, including progressive weight loss and continuous epistaxis, suggest that generalized involvement of bone marrow may have been present. The presence of neoplastic cells within blood vessels suggests that the animal was in a terminal leukemic phase.
Biclonal or triclonal gammopathy has been described in human plasma cell tumors or B-lymphoproliferative disorders. 10 Simultaneous production of 2 types of immunoglobulins in single neoplastic cells has been reported in a swine immunoblastic sarcoma 7 and a plasmacytoma, 8 which showedand -light chain restriction, respectively (Kadota, National Institute of Animal Health, Sapporo, Japan, unpublished data). Lymphoma cells containing both IgM and IgG were thought to be in the process of a heavy-chain class switch in the former case. 7 In our case, plasmacytoid cells, which stained positively for IgG, IgM, or IgA, were intermingled in any lesion, and class switches may have occurred constantly in certain proportions of dividing neoplastic cells. A similar mechanism has been considered in a human plasmacytoid lymphoma with triclonal gammopathy. 10 Nonamyloid immunoglobulin deposition disease in humans, in contrast to AL amyloid deposition, is characterized by negative staining for Congo red and lacks fibrillar structures. 3 Because of conformational changes, AL amyloid usually does not stain with antibodies to serum light chains, 13, 14 whereas the nonamyloid material stains positively. 3 Congo red-negative amyloidlike material in the present tumor was ultrastructurally different from amyloid fibrils and stained for ␥and -chains and weakly for ␣-chain. This finding was compatible with the fact that ␣-positive neoplastic cells were smaller in number than ␥or -positive cells, and a monoclonal peak corresponding to serum IgA was not detected by electrophoresis. Thus, the deposits were considered to be derived from immunoglobulins produced by neoplastic plasma cells. Large amounts of such material in lymphatic vessel walls may have caused extreme distention of lymphatic sinuses in some lymph nodes by disturbing lymphatic circulation.
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